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Challenges of the Electronics

The electronics Industry is facing challenges such as
HOT SPOT

CTE mismatch,
solder joint stress,
thermal fatigue failure
shock and vibration ISsues,
“SMALLER, FASTER, LIGHTER”
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Thermal & Thermo-mechanical material

IS used today in Printed
Circuit Boards and Substrate to address these 1ssues.

IS also known as
STABLCOR® Laminates
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What is Carbon Fiber Composite?

Made of Continuous Carbon Fiber reinforced with resin matrix

It isathermally & Electrically Conductive Composite Material

It has very good In-plane Thermal Conductivity

d It has low In-plane CTE (1-5 ppm/C)
It can be used as a plane layer, Preferably GND plane

Carbon Composite core

Copper
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CTE — Carbon Composite

In-Plane CTE

CTE vs Temperature
Material: ST325-EP450 Unclad

CTE (ppm/C)

Temperature (C)

¢ Xl Direction a X2 Direction —— Linear (X2 Direction) —— Linear (X1 Direction)

Composite CTE (0-3 ppm) over
Temp. range of -50C to +130C
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In Plane CTE
DIELECTRIC MATERIAL (ppm/C)

FR-4 | E-glass 16 to 20
Polyimide/E-glass 15 to 19
Non Woven Aramid/Epoxy 9to 12
PTFE Ceramic (RO3000) 17.00

Non-PTFE Ceramic
(R{0Z0]0]0)] 12 to 16
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CTE — Carbon Composite

Through Plane CTE

Sample: Ta and CTE test for CCL
Qize: N 7150 mm
Method: Ramp

File- C\TA\Data\TMA\Stablcor substrate.008
Oneratnr- RP

Run Date: 12-Sen-2005 17:38

Instrument: TMA Q400 V7.1 Build 89
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Z-axis CTE measurement by TMA method
HUNTER

}{ TECHNOLOGY CORP

Run Z-CTE before Tg
number (ppm/°C)

1 42.1
2 34.8

DIELECTRIC MATERIAL
FR-4/E-glass
Polyimide/E-glass

Non Woven Aramid/Epoxy
PTFE Ceramic (RO3000)

Non-PTFE Ceramic
(RO4000)

Tg (°C)

209.57
201.87

Through
Plane CTE
(Ppm/C)

55 to 60
50 to 55
110 to 120
25 to 40

50 to 55
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Thermal Management, CTE, Stiffener Material Comparisons
e
Thermal Management, CTE Control, Stiffener Materials Comparison

IN-PLANE CTE

Thermal Conductivity

MATERIAL (W/m.K)
Low Modulus Carbon Fiber* 8to12
High Modulus Carbon Fiber* 300-620
Heavy Copper 385 to 400
Copper-Invar-Copper (CIC) 20 to 30
Copper-Molybdenum-
Copper (CMC) 180 to 220
Non Woven Aramid
composite 0.2to 0.3
Copper C11000 full hard 385 to 400
Aluminum 5052 150
Aluminum 6061 T6 150
Copper Clad Carbon X,Y:75 to 250,
Composite (STABLCOR®) Z2:3/5
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(ppm/C)
-0.41
-1.5

17 to 19
5to6

6to8

Oto 12
17.00
25
25

1to5

Tensile
Modulus (Msi)

30 to 35
100 to 130

12 to 16
18 to 19

N/A

2to 2.1
6.40
3.76
3.75

11 to 40

Density
(g/cc)

1.7to 1.8
2.1to0 2.2
8.90
9.90

9.8 to 10

1.25t0 1.3
8.90
2.70
2.7

1.65 to
1.7
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Carbon Composite Material Availability

Carbon Fiber Property Comparisons

THERMAL CTE DENSITY TENSILE Standard Core
RAW CONDUCTIVITY  (ppm/C)  (g/lcm3)  MODULUS  Thicknesses
MATERIAL (W/m*K) (msi) (Inch)

ST 600" 6200 1300 .
ST 325+ 325.0 1140 | 008", 010"

ST 10 0045 006009

FR4 0.3 16-20 1.80 3.5t04.5
POLYIMIDE 0.3 15-19 1.70 3.5t04.5
COPPER 385.0 17.00 8.92 12 to 16
ALUMINUM 240.0 24-25 2.70 10.2
CIC 108.0 5to 6 9.90 18-19

* values represents data of raw fibers
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How is carbon composite used in PCB stack-up?

(<0.035") PCB/Substrate
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CROSS SECTIONS

3-layer PCB 6-layer PCB 12-layer PCB
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The Benefits Of Carbon in a PCB / Substrate

< Thermal

< CTE (Co-efficient of Thermal Expansion)

+ Rigidity / Stiffness

< Density / Weight
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CARBON IN A PCB

Thermal /
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PCB Thermal Path

Heat source

PCB
Mounting
Screw

P
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> VME - Wedge Lock
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THERMAL PATH
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PCB acts as HEAT SPREADER

Composite PCB FR4 PCB .
Composite PCB FR4 PCB
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THERMAL — PRODUCT LEVEL

‘ *>124.9°F
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CARBON IN A PCB

Co-efficient of Thermal Expansion
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CTE Associated with Package Type

|C PACKAGE TYPE

Organic Packages (CTE: 16-19ppm/C)

Ceramic Packages (CTE: 6-8ppm/C)

Flip Chip, DDA, WL P (2-4ppm/C)
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CTE Test

FC 400
Temp(C)- J1.0 ESUEIDY CTE Strain Y CTE

CTE Overall
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CTE vs Temperature

XY=
A A

40 60 80 100 120 140 160

Temperature (C)

——STABLCOR X1 —=— STABLCOR X2 FR4A X1 —<—FR4 X2
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CTE — 8-layer 50mil Thick PCB

Sample: 3C Memory X-axis

In-Plane CTE

Comment : Tg and CTE test

File: C:\TA\Data\TMA\3C Memory X-axis.004

Operator: BP
Run Date: 10-Aug-2005 16:25
: TMA Q400 V7.1 Build 89

Run Number CTE before Tg (ppm)

HUNTER
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Temperature (°C)
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Solder Joint Reliability — Flip Chip
Liquid to Liquid Thermal Shock Reliability

Flip Chip Liquid to Liquid Thermal Shock Reliability

et BB LIS 'A':7' T B i | e o SR L

|Nelco Substrate !"\ Carbon Co{e

Stablcor Substrate With no underfill, the

i characteristic (63.2%) life of
FR4 Substarte | [} the FR-4/NELCO is about 20
N cycles . The carbon
composite board is about
173 cycles

®© 0 B2 0B B 8 o a o

=}

m

Eta Beta r"2 n/s ]
22.39 12.94 0.943 30/0 For no underfill test, the

174.6 3.968 0.964 30/0 | YR2005 ChipS on Carbon Composite
21.23 8.547 0.897 30/0 ‘;3;"28 substrate remain attached at

358 cycles. Most of the chips
detached from the other test
Cycles (-55C - 150C) boards at 353/ cycles

o

<Log> 10000
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CARBON IN A PCB

RIGIDITY / STIFFNESS
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Applied force (N)

n

Rigidity / Stiffness
Rigidity at Room Temp

Printed Wiring Board Bend Data Maximum Force at 15mm Deflection

—Sample 1 (FR4)

——Sample 2 (FR4)

——Sample 3 (FR4 +

STABLCOR)

Sample 4 (FR4 +
STABLCOR)

—Sample 5 (FR4 +
STABLCOR)

—Sample 6 (FR4 +

Maximum Applied Force (N

[N
(=2
o
o

STABLCOR)
—Sample 7 (FR4 + U0 7
STABLCOR)

. . Sanple 1 (FR4) Sample 2 (FR4) Sample 3 (FR4 + Sample 4 (FR4 + Sample 5 (FR4+  Sample 6 (FR4 + Sample 7 (FR4 +
STABLCOR) STABLCOR) STABLCOR) STABLCOR) STABLCOR)
6.0 8.0 10.0 . . .

Displacement (mm) Sample Identification

This result shows the Carbon Composite samples is ~ 66.6% stronger than the FR4 test samples

HUNTER 2
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Rigidity / Stiffness
Rigidity of thick PCB (0.093" — 0.125")

Bend Data

N
o
o
o

—ST10 board 1
—ST10 board 2
——ST325 board 1
ST325 board 2
—Polyimide board

Applied Force (N

00 05 10 15 20 25 30 35 40 45 50 55 60 65

Displacement (mm)

Samp
le
Num
ber

Sample Maximum

| dentification force at
6mm (N)

ST10 board 1 130.9
ST10 board 2 125.4
ST325board1 1999
ST325board2 2134

Polyimide 47.2
board

Strength
Improveme
nt over
Sample 5

2717.3%

265.7%

423.5%

452.1%

% ST10 -Composite samples are ~ 275% stiffer than the Polyimide test samples

% ST325-Composite samples are ~ 450% stiffer than the Polyimide test samples
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WEIGHT

Material
(Laminate)

Density
gm/cm3

FR4

1.80

Polyimide

1.70

Carbon Composite
P 1.65

Aluminum

2.7

Copper

CIC

n
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CONCLUSION

Operates Cooler
Reduces Hot Spot
PCB acts as a Heat Sink
Reduces Thermal Stress on Components

Matches CTE
Attach Ceramic packages more reliably
Attach Flip Chip more reliably

Stiffness
Prevents Warpage
Increased Yields for Component Placement

All above benefits at almost no weight premium
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For more info
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